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During the period January - May 1950, methods for the isolation and identificatio: 
steroidal sapogenins have been intensively studied. Old and new techniques 

ave been combined to give procedures applicable to a large number and vari ety 

of plant samples. ‘he attached flowsheet outlines the various steps in the pro- 

Brief descriptions of the steps and a typical analysis are presented in © 


‘Raw Naterial Processing 

Steps 1-l, involve processing fresh plant samples to a dry meal and are self 

explanatory. The meal obtained in step }: must be ground rather coarsely in orde: 
9 avoid mechanical difficulties during the aleohol extraction. 


apogenins occur in a glucosidic combination called saponins, Steps 5-7 involve 
preparation and “de-fatting" of an alcoholic saponin extract. The meal is stirred 
or one hour with 70% ethanol at reflux temperature. The ethanol is filtered, anc 
the residual meal is then exhaustively extracted with 05% ethanol in large : Rs 
oxhlet extractorse The alcoholic extracts are combined, concentrated to a volum: ~ 
f 1-2 liters and the alcohol concentration roughly adjusted to 50% alcohol by ae 
olume. The resultant aqueous ethanol extract is placed in a column packed with 
aschig rings and continuously extracted with benzene for h-5 hours. The benzene Wai 
xtraction removes fats, sterols, and pigments which could later cause trouble. 


The sapogenins are isolated and purified by the methods outlined in steps 8-16, Reo, 
Sufficient concentrated HCl is added to the aqueous alcohol extract from step 7 to 
make the final concentration 2N, The extract is placed in the packed ecolum uscd — 
OND viously, the temperature raised to 65°C., and the extract continuously ex- we 
tracted with benzene for 5-6 hours. Under these conditions, the saponins are 
‘ly hydrolyzed and the benzene soluble sapogenins are removed as fast as they : 
e released. In this way changes in sapogenin structure due to prolonged ex~ | 
sure to hot HCl are avoided, 
he sapogenin extract at this stage (step 8) is quite impure, containing only 
-10% sapogenins. Alkali treatment (step 10) remves phenolic compounds and ; . 
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esin acids, raising the sapogenin purity to 10-20%, flit 
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lecular Distillation © 
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cular distillation or sublimation markedly raises the sapogenin purity to eet 
75% Preliminary tests with known sapogenins indicated that the process would 
re quantitative yields with no alteration in the sapogenins tested. The pro- 

ure is applied to the benzene extract. from step 11 as follows: The benzene is 
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Prom the foregoing discussion, it is apparent that unknown sapogenins can be 


‘group are much more tenaciously adsorbed and require clution with chloroform. _ 
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evaporated to dryness and the residual powder or resin placed in a pot still. T 
pot still has a removable condenser cooled with dry ice. The temperature is a 
gradually raised to 120-170°C. and the pressure reduced to 1-10 microns. Under — 
these conditions, sapogenins sublime and collect on the cooled condenser. Pres 
or absence of a distillate is the first positive test for sapogenins. Samples — 
which give no distillate are abandoned. 


r 


The distillate from step 13 usually has some impurities (yellow pigments and Re: 
resinous substances). Acetone is an excellent crystallization agent. Sapogenins 
are insoluble in cold acetone and soluble in the boiling solvent; pigments and 
resins are soluble in cold acetone. In this way white crystals are secured free © 
from non-sapogenin impurities. eae 


Chromatography 
The. sapogenins obtained after step 1) usually occur as mixtures. Chromatography : 
has resulted in excellent separations. The sapogenins in benzene solution are 
adsorbed on alumina andeluted with solvents of increasing polarity. In many cas 
the separations are sharp and the yields excellent (85-95%). z 


Tigogenin 


The above formula shows the simplest sapogenin type, a saturated monohydroxy 

sapogenin. Benzene will elute such compounds from alumina. Similar sapogenins 

which are unsaturated, usually at "506 62 cannot be eluted with benzene but are 
iono 


removed with ©% ether in benzene. hydroxy sapogenins which have a carbonyl | 


The presence of an additional hydroxyl, usually at C., results in even stronger — 
adsorption. Dihydroxy ketonic sapogenins require 10% ethanol in benzene for 
elution. Compounds Which differ only in spatial arrangement of certain portions 
of the molecule cannot be separated in this way and require fractional nye ae 
Lizatione egy 


classified into at least four groups by their chromatographic behavior. These 

compounds are now ready for final identification. In all cases acetates are 
prepared. The melting point data on sapogenins and their acetates will often be 
almost conclusivee Mixed melting points will be very useful when enough known cng 
sapogenin samples are collected. Many of the sapogenins and their acetates form — 

characteristic crystals, iho toms caer aan of these compounds will prove © helpful 
when they are’again encountered. 
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vieeiesé rotation of sapogenins and their acetates is a very useful constant 
will often clinch an identification. Unfortunately, many sapogenins were 
lated only by Marker. He apparently had an aversion for polarimetry since he 
ives no specific rotations for the sapogenins he discovered. We do not share 
his aversion and are determining this constant on all our unknowns. X-ray 
iffraction patterns and the infrared spectrum of the sapogenins will be very 
seful, particubrly when more known compounds are available. X-ray diffraction 
gives 4 very precise "fingerprint" of an unknown. If the patterns of a known 

and unknown compound coincide they are icentical. Shifting even one hydrogen ator 
gives a totally different diffraction pattern. Hence this technique will prove 
most useful in distinguishing isomers. Infrared data at present are mst useful 
in rapidly determining the presence or absence of carbonyl groups. It will also 
ive a pretise fingerprint" of the various sapogenins. | 


In some cases final characterization of a sapogenin may require some structural 
studies. This is particularly true if a hitherto undiscovered compound is found. 
Hydrogenation, oxidation and carbonyl reactions are the most commonly used methods. 
‘inally, carbon and hydrogen analyses on sapogenins and their acetates may be 

ec ESSAY» These data are of particular help when dealing with dihydroxy compounds 


Analytical E Example 


typical example my show how the foregoing techniques are applied to a plant 
mple. Yucca gloriosa leaf meal (2.33 kg.) was extracted with alcohol, the | 
extract "defatted" with benzene and then hydrolyzed (step Hee The nesultant 
benzene extract contained 22 grams solids, After alkali treatment (step 10) the 
solids were reduced to 8e5 grams. Molecular distillation Haken 13) resulted in a 
_ distillate which weighed 3.0 grams. Crystallization from acetone yielded 1.5 
grams purified sapogenin. 


hi omatography result ed in the separation of three main fractions; a benzene 

luate, 0.316 grams; a chloroform eluate, 0.160 grams; and a 10% ethanol-benzene 

luate, 0.613 grams. In addition a total of 0.15 grams were found in various 

other solvent fractions. 

Vey Y) 

‘The benzene fraction was recrystallized from momen} and had the following 
wracteristics: Sapogenin mePe 199-202, (a)5? pyridine -)\8; acetate mpe 202- 

hs (a)59 pyridine -5l,.. Of the possible mondhydroxy saturated Spogenins , only 

ogenin, mepe 20h, (a)-? pyridine -)\9, acetate mp. 202-208, (a)é pyridine -57, 

constants which were~coincident. Hence the unknown is tigogenin. 


The chloroform fraction on recrystallization from ether had these properties: 

» 267-268, acetate mepe 2h2-2l5. Its adsorption behavior classified it as a 
ohydroxy ketonic sapogenin. Hecogenin, mp. 268, acetate m.p. 20-250, seemed 
ogical choice. Fortunately a known sample of hecogenin was available. The 

t that the x-ray diffraction patterns of the known and unknown were coincident 
© the identification certain. Hence this unknown was hecogenin, 12 keto 
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tate mMePpe 236-248. Infrared showed the presence of a Piano nat group. These 
ata most closely fit mannogenin mp. 26, acetate mep. 22-23, Mannogenin is 
7% dihydroxy, 12 keto tigogenin. It will be noted that all three sapogenins 
ted from Yucca gloriosa are closely related, i.e. Manoa Seca ae keto - 
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eee ervcee leaves contain 0.465. Be sapogenin per eee ‘dry meal or 
‘Fon (0. 0654). Of the sapo;enins 54% was mannogenin, lh. 5% hecogenin. 
_ tigogenin. Mannogenin'and hecogenin have a carbonyl group at 6), 7 
be potential cortisone precursors. 
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Ab ne present time 5 Sanpuae have been neceived:: tag Palade Civisioni’ 
samples into morphological units. Six samples have been completely studie 
It is expected that more rapid results will be obtained Since all the ead 
details: have been worked out. 
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